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Different studies have evaluated the mandibular anthropometric parameters pertaining
to gender prediction in different races. In this study, mandibular anthropometric
measurements are evaluated for gender prediction in Iranians over the age of 20.
Eight anthropometric measures were evaluated in 120 Iranian adult cadavers from
2011 to 2012, and the relationship between these variables and their changes with
gender were examined. Collected data was analysed using SPSS version 13 by means
of descriptive analysis, ROC curve, cross tabulation and discriminant analysis. There
was no signiﬁcant difference in the mandibular angle between the two genders. The
characteristics holding the most value for gender prediction were symphysial height
and minimum ramus breadth in those between 20–34 years old, mental angle in those
between 35–49 years old and symphysial height in those older than 50. Overall,
measured accuracy of the mandibular bone in sex prediction was between 80% and
95%. Our results showed that measuring the mandibular parameters can identify
gender with a high rate of accuracy.
Keywords: mandible; anthropometric parameters forensic identiﬁcation; sex
determination
Introduction
Identiﬁcation plays an important role in forensic autopsy, especially with regards to
human skeletal remains. Gender determination is the ﬁrst step in identiﬁcation because
half of the population can be rapidly excluded1. Sometimes skeletal remains or body
parts from air crashes, natural disasters, explosions, mutilation and so on. are referred
to departments of forensic medicine2. The known problem in forensic medicine is
identiﬁcation and gender prediction of the skeleton or remains, which requires different
expertise such as anatomy, radiology, archaeology, dentistry and other disciplines3.
Nearly all parts of the human skeleton have been studied for gender determination,
and accuracy in different bones is presented in different populations4. Anthropometric
parameters of certain bones, such as the tibia, the clavicle, and the radius, in sex
determination have been evaluated in previous studies from Iran5–7. Amongst bone
studies, morphological, metric and molecular parameters can all be cited1. Morphologi-
cal criteria are visual and observable, but metric criteria are repeatable and based on
bone measurements and are measurable on the bone fragments8,9. Today, craniometrical
measurements are useful tools in determining the characteristics of gender10.
*Corresponding author. Email: sh.vasigh@yahoo.com
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As the mandible is the strongest bone of the face, it remains for a long time and
degradation is delayed11. Several studies have examined the mandibular anthropomet-
ric measurements of different races in sex differentiation, and the accuracy of mandib-
ular measurements for sex determination has been reported to be 80.2% to 92%
accurate2–4,8–12. Previous studies have shown that skeletal criteria may vary among
different geographical areas and races12. In this study, the role of mandibular
anthropometric measurements in gender prediction was studied in cadavers of Iranians
older than 20, from 2011 to 2012.
Materials and methods
This is a cross-sectional study. The study population consisted of Iranian cadavers over
20 years of age referred to the Tehran autopsy hall of the Legal Medicine Organization
during 2011 and 2012. The sample size was 120 cadavers (60 men and 60 women) and
was studied in three age groups: 20–34, 35–49 and those over 50 years old, and there
were 20 men and 20 women in each group.
Exclusion criteria were; unknown cadavers, dissatisfaction of ﬁrst-degree relatives,
severely burned bodies, change in the mandible structure due to missing the majority of
permanent teeth (more than 50% of the teeth in a mandible half), traumatic mandibular
fractures and skeletal anomalies.
After obtaining written consent from the ﬁrst-degree relatives of the deceased and
considering the inclusion and exclusion criteria, a neck dissection was made with a Y
incision in cadavers that needed an autopsy to determine cause of death, that cut was
expanded to the face. Mandibular anthropometric parameters including symphysial
height, mental foramen to basal border distance, mental foramen to alveolar border
distance, mental angle, minimum ramus breadth, gonion (mandibular angle), mandibular
body length and bigonial breadth were then evaluated without removal of bone
(Table 1). All measurements were performed on the right-hand side and the face was
reconstructed after dissection.
Mandibular anthropometric measures were recorded using a caliper with an accuracy
of 0.1 mm and angles were measured by goniometer. To determine the mandibular body
Table 1. Deﬁnition of anthropometric measures used in this study.
Variables Deﬁnition
Mandibular body length The distance between the tuberculum mentale and mandibular
angle
Symphysial height The distance between the most anterior inferior point of the
mandible in sagittal plane and anterior superior part of alveolar
septum between the mandibular central incisor teeth.
Gonion (mandibular angle) The angle formed by the inferior border of the corpus and the
posterior border of the ramus
Bigonial breadth The distance between the right and left jaw angle
Mental foramen to alveolar
border distance
The distance along an imaginary vertical line between mental
foramen and alveole.
Mental foramen to basal
border distance
The distance Along an imaginary vertical line between mental
foramen and inferior border of the mandible.
Mental angle Lower mandible angle between the right and left mandibular body
Minimum ramus breadth The least breadth of the mandibular ramus measured
perpendicular to the height of the ramus.
128 M. Akhlaghi et al.
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length, distance between gonion and the tuberculum mentale was measured by placing
a string in the lower border of the mandible between these two points.
The collected data were analysed using SPSS software version 13 by means of
descriptive statistical analysis (frequency – descriptive), ROC curve analysis, cross tabu-
lation, and discriminant analysis.
Results
The mean ages of the 20–34, 35–49, and more than 50-year-old groups were 26.94
±3.90, 41.33±5.24, and 58.98±7.64 year old respectively. Table 2 presents mean values
and standard deviation of mandibular anthropometric parameters of both genders in the
different age groups.
In the age group consisting of persons 20–34 years old, all of the mandibular
parameters except mandibular angle were signiﬁcantly different between two genders
(p<0.05). The accuracy of sex prediction with symphysial height or minimum ramus
breadth was 77.1%; mandibular body length, mental angle, and bigonial breadth was
74.3%; and mental foramen to basal border and mental foramen to alveolar distance
was 71.5% and 71.4% respectively.
In the age group consisting of persons 20–34 years old and using Fisher’s linear
discrimination function test, the following formula was obtained that could predict gen-
der with an 80.0% accuracy rate:
A= [(Mandibular body length (cm)  35.697) + (Symphysial Height (cm)
 22.754)] – 192.811
B= [(Mandibular body length (cm)  37.817) + (Symphysial Height (cm)
 27.053)] – 226.576
If A>B, the mandible belonged to a female and If B>A, it belonged to a male, with
80% accuracy.
In the age group consisting of persons 35–49 years old, symphysial height, mental
angle, and bigonial breadth were signiﬁcantly different between two genders (p<0.05).
Gender differentiation accuracy using mental angle, symphysial height, and bigonial
breadth was 85.0%, 72.5% and 67.5% respectively.
Using Fisher’s linear discriminant function test, the following formula was obtained,
which could predict gender with a 95% accuracy rate:
A= [(Symphysial height (cm)  45.891) + (Bigonal breath (cm)  56.873)
+(mental angle ( ̊ )  0.147)] – 332.072
B= [(Symphysial height (cm)  38.555) + (Bigonal breath (cm)  52.471)
+(mental angle ( ̊ )  0.463)] – 299.336
If A>B, the mandible belonged to a male and If B>A, it belonged to a female.
In the age group consisting of persons over the age of 50, symphysial height, bigo-
nial breadth, and body length were signiﬁcantly higher in men compared with women
(p<0.05). Gender differentiation accuracy using symphysial height, body length, and
bigonial breadth were 75.0%, 72.5%, 70.0% respectively.
Using Fisher’s linear discriminant function test, the following formula was obtained,
which could predict gender with 80.0% accuracy:
Australian Journal of Forensic Sciences 129
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A= [(Symphysial height (cm)  35.586) + (Mandibular body length (cm)
 34.897)] – 388.728
B= [(Symphysial height (cm)  33.332) + (Mandibular body length (cm)
 31.544)] – 346.786
If A>B, the mandible belonged to a male and If B>A, the mandible belonged to a
female.
The ROC curve was used for calculation of sensitivity and speciﬁcity of mandibular
anthropometric parameters and the demarking point was calculated (Table 3).
Discussion
Gender determination of human skeletons is important. Previous studies have shown
that skeletal characteristics in different populations may affect gender differentia-
tion11,13,14.
In forensic medicine, bones may not always be completely available, therefore
obtaining the maximum possible information, including gender and age from different
anthropometric parameters of bones is important.
In our study, male cadavers had much higher measurements in the most measured
variables, which is consistent with the results of most previous studies3,4,11. In this
study, the mean of symphysial height in men was signiﬁcantly higher than women
(p=0.000). In the studies done by Fabian and Mpembeni11 and Daniel Franklin and
colleagues4 symphysial height in men was also reported as higher than that of women.
In a study done by Merrot and colleagues15 conducted on 106 persons over the age
of 70 and based on anterior and lateral radiographic views, the mean of symphysial
height in women was higher than men but was not signiﬁcant and this parameter was
not effective in gender prediction. As an explanation of this difference, aside from race,
symphysial atrophy due to loss of teeth and old age can be cited.
In all groups except for the 20–34 age group, there was no signiﬁcant difference
between the two genders when measuring mental foramen to basal border distance and
mental foramen to alveolar border distance (p>0.05). In Fabian and Mpembeni’s study11
mandibular height at the level of mental foramen was higher in men than women
(p=0.03), but in our study, this measure was divided into two, based on mental foramen
position. The difference between these two studies can be ascribed to measuring
techniques, sample size, the effects of missing teeth or the uselessness of this parameter
for gender prediction in Iranian population. Figure 1
In Hasmit’s study performed on 69 dried adult skeletons with a mean age of 39.86
year old, the distance between the mental foramen and the lower border of the mandible
was calculated. The mean was found to be signiﬁcantly higher in men than women16.
The mean of mental foramen to basal border distance was similar to our results. The
absence of a signiﬁcant difference between the two genders for this criterion in our
study’s samples that are older than 35 years might be due to previous teeth loss and
bone loss changes.
In our study, there was not a signiﬁcant difference in the minimum of ramus breadth
mean between the two genders except in the 20–34 age group (p>0.05). In Steyn’s
study, a signiﬁcant difference in minimum ramus breadth was reported between the two
genders12, but in Merrot’s study the minimum ramus breadth was a little higher in
women than men but this difference was not signiﬁcant15. The lack of signiﬁcant
Australian Journal of Forensic Sciences 131
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differences in the two genders as it pertains to this criterion in our study may be
explained by previous loss of teeth and bone loss.
Most studies have morphologically evaluated mental angle and did not report simi-
lar ﬁndings to our study. In our study there was a signiﬁcant difference in the mean of
mental angle between men and women, except in the age group consisting of those
older than 50 (p>0.05). Previous studies have shown signiﬁcant differences in the adult
mental morphology in both genders as well15,17–19.
In our study there was a signiﬁcant difference in mandibular body length between
men and women except in the age group 35–49 (p=0.000). In Steyn’s study12 mandibu-
lar body length, which was higher in men than women is used for gender prediction
(p<0.001).
Our study found that bigonial distance mean was higher in men than women
(p=0.000), which is consistent with Steyn’s study12. In studies done by Merrot15 and
Franklin3,4 the means of bigonial breadth were higher in men than women, those results
are similar to our ﬁndings. In Franklin’s study2 the accuracy of bigonial breadth in gen-
der prediction was 70.7%, which is similar to the calculated accuracy in our study
(68.8%).
We did not ﬁnd a signiﬁcant difference in mandibular angle of the two genders,
which is similar to Ohm’s study18 and unlike studies done by Merrot15 and
Zivanovic17. This result can be affected by race and loss of teeth.
The calculated accuracy for gender prediction with simultaneous evaluation of
different anthropometric mandibular parameters ranged from 80% to 95% according
to different adult age groups. This value is consistent with results from previous
studies2–4,8–13 in other racial groups, which reported accuracy rates from 80.2% to
92% by using mandible parameters.
Our review of the literature did not reveal a published study with comparable
accuracy using mandibular anthropometric parameters between the different age groups
in adults. Based on our results, the highest accuracy using mandibular parameters in
gender prediction was seen in the 35–49 age group, which is justiﬁable by loss of bone
indices or loss of teeth.
Figure 1. Technique of measurement of Symphysial height (a); Mental foramen to basal border
distance (b); Minimum ramus breadth (c); Bigonial breadth (d); Mental foramen to alveolar
border distance (e); Mental angle (f); Body length (g); and Mandibular angle (h).
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Our study was conducted on fresh cadavers without removing the mandible, which
means it was impossible to measure some variables such as ramus length, bichronid
breadth, and bicondylar breadth. Other studies12–14 show the importance of these
variables, so future studies for evaluation of these parameters in the Iranian population
are recommended.
Considering the effect of teeth on measurements of mandibular criteria and noting
that in this study one of the exclusion criteria was major loss of teeth, future studies
with age categories and teeth condition are recommended. In addition, since our study
was conducted on fresh Iranian cadavers, generalising the results to other ethnicities
and dry skeletons should be done with caution.
Conclusion
Based on our results, in adults over 20 years of age, mandibular angle was not useful in
gender prediction. In the 20–34 age group, both symphysial height and minimum ramus
breadth had the most predictive accuracy (77.1%). In the group consisting of 35–49 year
olds; mental angle was the most valuable variable with 85% accuracy, and in the group
consisting of those older than 50, symphysial height has the greatest accuracy in gender
prediction with a 75% success rate. These considerable accuracies mean that even if
these parts of bone are the only available remains, these measurements can be helpful in
the prediction of gender as the main factors of identiﬁcation. By using mandibular
anthropometric parameters, gender determination can be made with accuracy rates
between 80 to 95%. This suggests a signiﬁcant importance of this bone in gender
prediction compared with other bones, even the skull and the pelvic bone.
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